Abstract Knowledge about the puma Puma concolor in the Mediterranean Andes of South America is scarce, with little information available about its distribution and ecology. The species has been hunted in the region for centuries and seems to be relegated to remote areas, where it still comes into conflict with rural communities. Camera-trap surveys have been used to estimate puma density across the species' distribution, and this is a relatively cost-effective approach to generate information about species abundance. We tested the performance of this method in the Andes of central Chile, where the rugged topography, unknown detection probability, and an expected low density make abundance estimation by other methods unreliable or expensive. Using a rotation of  camera-trap stations, for a total of  camera-days, we obtained  records of pumas and were able to identify four individuals in an effective sampling area of  km  (/ mean maximum distance moved) or , km  (mean maximum distance moved). Capturerecapture models estimated a minimum density of
P
uma Puma concolor populations throughout most of the Andes have received little research attention for decades, even though the mountain range is possibly a key corridor for the subspecies Puma concolor puma (Culver et al., ) , comprising several thousand kilometres of wild habitat in a north-south axis, with low human intervention. In the Mediterranean ecoregion of central Chile (-°S), the high human density and intensive agriculture have rendered most of the area between the Andes foothills and the Pacific Ocean unsuitable for the species. The remaining natural habitat for the puma is in remote mountainous areas used as summer ranges for livestock (horses, cattle, sheep or goats), and managed by extensive grazing husbandry practices. In these areas retaliatory killing of pumas occurred for centuries prior to protection of the species in , and may still occur, although the frequency is unknown. The puma's prey base has changed substantially since the th century, as the guanaco Lama guanicoe (a South American wild camelid) has disappeared from most of the country and been replaced by exotic lagomorphs (European rabbit Oryctolagus cuniculus and European hare Lepus europaeus), which are significantly smaller in size. Despite the potential threats to the puma (i.e. illegal hunting, reduced prey base) and its role as a top predator (Ripple & Beschta, ; Ripple et al., ) , little information is available about the species in this region. This not only hampers conservation efforts but also precludes evaluation of the species' conservation status in the region. Although the puma is categorized as Near Threatened by the Chilean authorities (MINSEGPRES, ), this assessment was based on little quantitative data; only two estimates of the density of the puma have been published in Chile, both carried out in Patagonia using radio and global positioning system (GPS) telemetry (Franklin et al., ; Elbroch & Wittmer, ) . This region differs markedly from the rest of the continent and cannot be considered representative of the other ecosystems of Chile.
The high cost of GPS telemetry and the poor accessibility of mountainous areas for radio-tracking preclude their general use for the assessment of puma populations. Camera traps may be used to overcome some of the complexities of estimating the abundance of large carnivores (Karanth & Nichols, ) . Data generated using camera traps have been used to estimate the density of the puma throughout its range (e.g. Kelly et al., ; Negrões et al., ; Paviolo et al., ) , although there is still debate about some methodological issues, such as individual identification accuracy and ad hoc estimation of effective sampling surface (Foster & Harmsen, ) . However, it is unclear if this approach would facilitate abundance estimation in the Mediterranean Andes, where the rugged topography and an expected low puma density may render the technique inappropriate. This study is the first attempt to estimate puma density in this region, where there is a need to facilitate assessment of the species' conservation status and to mitigate conflict with rural communities.
The study was carried out in Río Los Cipreses National Reserve and adjacent landholdings with extensive livestock husbandry practices (Verde Valle and Los Coligües landholdings) in the Mediterranean Andes (Fig. ) . The topography of the study area is characterized by basins of glacial origin surrounded by steep mountain chains, and the vegetation by an altitudinal gradient of dense sclerophyllous forests (-, m), a transitional thorny shrub (,-, m), and Andean steppe in the highlands (. , m).
We used  double camera-trap stations, baited with wild cat lure, to estimate puma density. Given the limited number of camera traps available we used a block design (e.g. Karanth & Nichols, ; Soisalo & Cavalcanti, ) to cover a significant area for the species (four times the mean territory size is recommended by Maffei & Noss, ) while maintaining a spacing between stations that would not leave gaps in the coverage (i.e. that a puma using the area would not have zero probability of being detected; Foster & Harmsen, ). We considered a maximum distance of  km between stations would be sufficient to achieve this goal, given a low expected puma density and a large territory size resulting from low availability of prey.
Potential camera trap sites were defined within a  km  polygon (. times the mean territory size reported for Patagonia by Franklin et al., ), spanning two adjoining basins. Following similar criteria to Jackson et al. () , cameras were placed along trails on topographical bottlenecks on ridgelines or valley bottoms, considering likely travel paths connecting distinct landscape units. Nine stations, each with two camera traps, were deployed within the protected area for  days and then moved to the livestock ranges for an identical period. One of the stations was stolen during the second rotation and no data could be retrieved, and therefore the analysis is based on  stations only.
Photographs of pumas were analysed independently by NG, NG and JL, who identified individuals based on stable and variable traits (Negrões et al., ) , followed by a joint evaluation (Kelly et al., ) . Each individual's capturerecapture history was built, dividing the sampling period into  -day periods. Data were analysed using the Rcapture package (Baillargeon & Rivest, ) in R v. .. (R Development Core Team, ) and the model with the best relative fit was selected based on the Akaike Information Criterion. We treat both sampling periods as if they had been carried out simultaneously (Soisalo & Cavalcanti, ) , although we acknowledge the spatio-temporal biases such an approach might introduce (Foster & Harmsen, ) .
To estimate the effective sampling area we used the mean maximum distance moved, as well as half that value, to trace a buffer around all stations, using QGIS v. . (Quantum GIS Development Team, ). Although this approach has been criticized for being an ad hoc proxy of territory size and evidence for its convenience is inconsistent (Foster & Harmsen, ) , it was the only available information about puma movement in the study area. Also, its extensive use in literature facilitates comparison with similar studies. Total sampling effort was  camera-days, as none of the cameras malfunctioned. During this period we obtained  records of pumas, in % of the stations (n = ). Puma capture rate was . events per  camera-days. The mean capture rate inside the protected area (. ± SE . events per  camera days) was substantially higher than in the livestock ranges (. ± SE . per  camera-days), and no individual was detected in both. Stations where puma presence was recorded previously had a higher visitation rate (. events per  camera-days; % of  stations with puma presence) than those for which there were no previous records of puma presence (. events per  camera-days; % of  stations with puma presence).
Half of the events (n = ) resulted in photographs suitable for individual identification; many of the photographs taken at night were too blurred to allow clear observation of relevant features. From analysis of the photographs we were able to identify at least four individuals (two males, two females), three of them presenting clearly distinguishable traits ( Table ) . Three of the identified individuals were captured on more than one occasion but only two were detected at more than one station, which resulted in a mean maximum distance moved of  km (Male ,  km; Female ,  km). The effective sampling area based on mean maximum distance moved was , km  , and based on half the mean maximum distance moved was  km  .
Analysis of the capture-recapture data revealed that model M h Chao had the lowest Akaike Information Criterion value, estimating . ± SE . pumas. Thus the puma density in the study area is estimated to be between . ± SE . and . ± SE . individuals per  km  .
This estimate of puma density is at the lower end of puma densities reported for the Neotropics, similar to those in the Atlantic Forest in Argentina (Kelly et al., ) but up to eight times lower than those in other areas ( Table ) . This is consistent with low ecosystem productivity and reduced prey abundance in the study area. Although this low density does not necessarily imply conservation issues, it suggests that the population is vulnerable to threats such as illegal hunting (Chapron et al., ) and this could be a potential explanation for the difference in capture rate between the protected area and the livestock ranges. Conservation efforts should therefore focus on the study and alleviation of puma-human conflict, which could potentially be the main threat for this population. As such, the magnitude and characteristics of the conflict require further evaluation to assess its impact on the long-term survival of the species in this area.
Our estimate of density should be interpreted cautiously, however, and considered a minimum estimate. The low number of cameras available, the need to rotate them, and the use of only two captures to estimate the mean maximum distance moved may have compromised the accuracy and robustness of our results. Further evaluation is needed, with larger data sets for more robust estimation using spatially explicit capture-recapture models, an approach that would not be as sensitive to ad hoc proxies of territory size (Royle & Gardner, ) .
The capture rate we recorded was similar to other studies with similar densities, suggesting that the method performed well in this environment and that our camera location criteria (i.e. topographical bottlenecks on likely travel paths) were suitable. Given the success of this approach across a broad spectrum of environments and the high cost of alternatives involving individual capture, cameratrap studies may be the best method for determining puma density in this region. However, attention to detail to maximize capture probability is important. When working with species that are difficult to detect or about which TABLE 1 Details of four individual pumas Puma concolor identified by camera trapping in the Mediterranean Andes of Chile (Fig. ) there is little local knowledge available, we advise examination of the entire polygon where cameras are going to be deployed. Although time consuming, this facilitates the identification of sites with the highest detection probability and reduces accessibility biases. In our study the best predictor of camera success was the prior detection of puma sign. Investing time in the identification of such sites is worthwhile, even if the substrate conditions and livestock traffic make it difficult to find sign, as was the case in our study.
